We present a variety of jet substructure measurements performed in pp collisions at √ s = 13
Introduction
Jet substructure measurements are an ideal tool to constrain the perturbative and non-perturbative effects -consisting of perturbative radiation, hadronization and contributions from the underlying event -contributing to the jet shower. Particularly at low-p T where the effects can become large the measurements at different jet resolution parameter become effective in disentangling the contributions from the various effects [1] . In addition, the increased statistics taken in the new datasets allow for more differential measurements. This is exploited in measurements of the groomed momentum fraction applying the SoftDrop algorithm [2, 3] z g = min(p T,1 , p T,2 ) p T,1 + p T,2 > z cut θ β (1.1)
with p T,1 and p T,2 being the p T of the hardest and second hardest subjet. The level of grooming is steered by the parameters z cut and β . The observable is selected as it closely relates to the QCD splitting function at leading order [1] . As long as this connection holds, we should not observe a jet momentum dependence of z g , which we will test. At leading order, the difference between the parton and the reconstructed jet momentum is expected to increase as log(R) with perturbative radiation, to decrease as 1/R due to hadronization effects and to increase as ∼ R 2 due to the underlying event [1] . The z g and jet substructure in general allow for more differential inspection of the previous components.
The data used for the measurements were collected in 2016 and 2017. It consists of a min. bias dataset corresponding to an integrated luminosity L int = 11.5 nb −1 . Measurements of fully reconstructed jets also utilize a L int = 4 pb −1 dataset collected with the jet trigger implemented in the electromagnetic calorimeter for jets with p T > 100 GeV/c. Jets are reconstructed using the FastJet package [4] applying the anti-k T algorithm [5] with the E-scheme for recombination. Track-based jets are built only of tracks reconstructed in the central tracking detectors with a minimum track p T of 0.15 GeV/c. For fully reconstructed jets also energy carried by neutral particles measured in the electromagnetic calorimeter is included. Neutral constituents must have a minimum energy of 0.3 GeV. The average shift of the jet energy scale is ∼ 15% for track-based jets, compared to particle-level jets consisting only of charged particles, and ∼ 25% for fully reconstructed jets with p T ∼ 40 GeV/c.
Charged jet production as function of the event activity
The p T -differential cross section of the production of track-based jets, subtracted for the contribution from the underlying event, is shown in Fig. 1 for R=0.2 (left) and R=0.4 (middle). The spectra are compared to calculations utilizing the PYTHIA8 [6] event generator using the Monash2013 tune and POWHEG [7, 8, 9, 10] next-to-leading order event generator interfaced with PYTHIA8. While PYTHIA8 overpredicts the cross section by 20% calculations using POWHEG are in good agreement with the the data. The cross section ratio, shown on the right side, increases with jet p T as jets become more collimated. The trends are well described by both PYTHIA8 and POWHEG.
The production of track-based jets has been measured with respect to the event activity expressed as the charged particle multiplicity measured with the VZERO detector. Figure 2 : Multiplicity-dependence of track-based jet production: left: p T -differential cross section of trackbased jet production in bins of the charged particle multiplicity. Middle: Ratio of the cross section in bins of multiplicity to the multiplicity-independent production cross section. Right: Cross section ratio of jet R=0.2/R=0.4 in three bins of multiplicity. the p T -differential cross section of the production of track-based jets in bins of the multiplicity percentile. The ratio to the multiplicity-inclusive cross section is shown in the middle panel. A weak dependence on p T can be observed, with a lower yield at high-p T for jets in the lower multiplicity classes. The cross section ratio of R=0.2/R=0.4 jets is shown in the right panel for three characteristic multiplicity bins. An ordering with multiplicity can be observed, with the smallest cross section ratio in the highest multiplicity class.
Measurement of the groomed momentum fraction z g
The groomed momentum fraction has been measured for fully reconstructed jets with 30 GeV/c < p T < 200 GeV/c and 0.2 < R < 0.5. Jets were reclustered with the Cambridge/Aachen algorithm. As SoftDrop settings z cut = 0.1 and β = 0 were used. No underlying event subtraction is applied as the grooming already removes the soft component. The z g distributions were corrected back to particle level using a Bayesian unfolding in two dimensions. Results are shown for three p T bins
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ALI-PREL-310043 ALI-PREL-310052 In the intermediate and high-p T bin no dependence on the jet resolution parameter is observed. It can be understood as the dominant part of the jet energy is captured in the core of the jet and the large angle soft radiation plays only a minor role. For jets in the lowest p T bin the shape of the z g distribution differ with R. Jets with larger resolution parameter tend towards more asymmetric splitting, pointing to soft large angle radiation being recovered at larger jet resolution parameter. The separation of the distributions gradually reduces with increasing jet p T .
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ALI-PREL-310028 Figure 4 : p T -dependence of the z g -distribution for jets with R=0.2 (left) and R=0.4 (right).Lines indicate the distributions obtained using the PYTHIA6 event generator with the Perugia2011 tune. Lower panels indicate the ratio of the data to PYTHIA.
Looking at the dependence of the z g distribution on the jet p T , shown in Fig 4 for R=0. 2 and R=0.4, no dependence is observed for the larger jet resolution parameter while a moderate dependence with more symmetric splitting at lower jet p T has been observed for the smaller jet resolution parameter.
